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A total of 28 Striped Skunks (Mephitis mephitis) were fitted with radio-transmitters and their movements were monitored in Scarborough (Toronto), Ontario, in 1986 and 1987 . Mean annual home range size for combined sex and age classes of Striped Skunks was 0.9 km 2 (SD = 1.4) (range = 0.1-5.0 km 2 ). Home ranges were smaller during winter (χ -= 0.04 km 2 , SD = 0.05) than during fall (χ -= 0.67 km 2 , SD = 1.09) (P = 0.055) but not different from ranges during spring (χ -= 0.25 km 2 , SD = 0.31) or summer (χ -= 0.27 km 2 , SD = 0.43). Nightly movements ranged between 0.1 km and 3.0 km and were greatest during October. Skunks were located more often in field habitats (56% of observations) than in residential (23%), field/ indus trial (10%), or industrial (8%) habitats. Ecological data on Striped Skunks were used in the design of rabies control tactics for use in urban areas in Ontario, Canada. te and Kelly-Ward (1988) . Five of the implants malfunctioned during the course of the study and were replaced by radio-collars.
Striped Skunks were located with Lotek SRX 400 receivers and Yagi antennae (Lotek Engineering, Newmarket, Ontario) from 25 July 1986 to 1 July 1987. Some Striped Skunks were monitored continually on some nights of each month during the study, while others were located just once per day. During nightly tracking, Striped Skunks were located every 15-60 minutes from dusk to dawn, the frequency of locations depending on how many animals were being monitored. Locations (called "fixes") were calculated by the intersection of two or three compass bearings from the observer to the Striped Skunk's location, which was plotted on topographical maps. Striped Skunks were also located during the day at their den sites, and in some cases active animals were observed and their loca tions noted. As the distance from the observer to the animals was small (<100 m), any errors associated with triangulation were negligible. The type of habitat in which the Striped Skunks were located was also record ed. Habitats were classed as field, industrial, groomed grass, forested park, commercial, or residential. On some occasions, skunks were located on the border of field and industrial habitats. If this occurred, the habitat was classed as field/industrial although it was impossible to calculate the percentage of the area that was deemed to be field/industrial.
Home ranges using a Minimum Convex Polygon estimator were calculated using Home Range Tools for ArcGIS ® software (Rodgers et al. 2005 ). An estimate is provided for annual and seasonal ranges of Striped Skunks using the total number of locations. At least 30 fixes were required for annual range analysis and 15 fixes for seasonal range analysis. This was determined by examining the data to estimate when additional fixes did not affect home range size. Seasonal home ranges included spring (March-May), summer (June-August), fall (September-November), and winter (December-February). Dispersal was arbitrarily defined as a movement of ≥ 1 km from the natal or summer home range. To determine the potential for Striped Skunks to spread infectious diseases, the maximum distance across annual home ranges was calculated using a line measurement tool (display travel) in Home Range Tools, ArcMap version 9.2, an option in ArcGIS ® . The cumulative distance travelled by Striped Skunks on a nightly basis was also calculated using the display travel function.
Data were analyzed using Statistica 6.0 software. A main effects ANOVA was used to determine whether there were differences in age (adults vs. juveniles) or sex (males vs. females) in annual and seasonal home range size, whether there were differences in the maximum distances across home ranges, and whether there were differences in habitat utilization (Zar 1999) . A one-way ANOVA was used to examine individual sex and age differences in home range size for each season as well as to detect differences in nightly movements of Striped Skunks on a monthly basis {only for March to November, as Striped Skunks denned during the winter (December to February)} (Zar 1999) . As there were unequal numbers of home range values for different age and sex classes, the ANOVA calculated the weighted mean home range size (Zar 1999) . If differences were found with the one-way ANOVA, a post hoc analysis was done using a Tukey test (Zar 1999) . Since the data were not normally distributed (Zar 1999) , a Friedman ANOVA comparing multiple variables by ranks was used to determine whether there were differences in habitat utilization (pooled data).
Results
Only partial data were supplied by 12 of the 28 Striped Skunks that were fitted with radio-collars or had transmitters implanted during 1986: 1 slipped its radio-collar, 6 died, and 5 of the radio-transmitters malfunctioned before the end of the study. Consequently, data from only 16 of the 28 animals (4 adult females, 3 adult males, six juvenile females, and 3 juvenile males) were used for annual home range and movement calculations. However, data from between 12 and 20 Striped Skunks were used for seasonal home range estimations, and data from all 28 Striped Skunks were used for habitat utilization calculations.
Home range
Area of annual home ranges: A total of 4624 locations were acquired during 1986 and 1987 on the 16 Striped Skunks that were used for annual home range analysis. The mean number of locational fixes per Striped Skunk was 289 (SD = 141.5). Annual home range size for juvenile Striped Skunks (χ -= 1.3 km 2 , SD = 0.6 km 2 ) was not significantly different from annual ranges for adult Striped Skunks (χ -= 0.4 km 2 , SD = 0.1 km 2 ) (F = 2.02, P = 0.18) (Table 1) during the study. We could not detect any differences between the annual home range sizes of males and females (F = 0.52, P = 0.48) ( Table 1 ). There were also no detectable differences in annual ranges among individual sex and age classes (F = 0.9, P = 0.47) (Figure 1 ). Mean annual home range size for combined sex/age classes of Striped Skunks was 0.9 km 2 (SD = 1.4, range = 0.1-5.0 km 2 ).
Area of seasonal home ranges:
A total of 4968 locational fixes were used for seasonal home range analysis. The number of Striped Skunks per seasonal analysis ranged from 12 to 20 (Table 2 ). The mean number of locational fixes per Striped Skunk ranged from 47.6 to 111.6 (Table 2 ). No differences were de tect ed in seasonal home range size based on age (F = 1.33, P = 0.37) or sex (F = 1.56, P = 0.32) ( Table  1 ). In addition, no differences in seasonal home range size were detected according to individual sex and age classes (F = 0.87, P = 0.6) ( Table 1) . When the data were pooled, there was a marginally insignificant difference in seasonal home range size (F = 2.54, P = 0.066). Post hoc analysis indicated that home ranges were small er during winter (χ -= 0.04 km 2 , SD = 0.05) than during fall (χ -= 0.67 km 2 , SD = 1.09) (P = 0.055) but were not different from ranges during spring (χ -= 0.25 km 2 , SD = 0.31) or summer (χ -= 0.27 km 2 , SD = 0.43). Distance across home ranges: No differences in dis tances across ranges were noted based on age of the 16 Striped Skunks used in this analysis (adults vs. juveniles) (F = 2.45, P = 0.14) or sex (males vs. females) (F = 0.83, P = 0.38). Differences in distances across ranges were not found on an individual age/sex basis. Means distances across home ranges were as follows: adult females 0.9 km (SD = 0.2, n = 4), adult males 1.4 km (SD = 0.3, n = 4), juvenile females 1.7 km (SD = 0.4, n = 5), and juvenile males 2.0 km (SD = 1.0, n = 3) (F = 0.92, P = 0.46) (Figure 2 ). Distances ranged from 0.7 km (home ranges of adult females) to 4.1 km (distances of juvenile males).
Movements
Nightly movements/month: A total of 16 different Striped Skunks (see Table 1 for age and sex) were tracked for a cumulative total of 152 nights between July 1986 and June 1987. As Striped Skunks denned dur ing the winter from early December to early March and did not move any appreciable distance during that time, nightly movement data were analyzed on a comparative basis for the period August to November 1986 and the period March to June 1987 only (although Striped Skunks were radio-tracked during the intervening winter). As Striped Skunks were born in April, were not fully mobile until the summer, and denned during the winter, we compared nightly movements of juveniles and adults from August to November 1986 only.
We could not detect any differences in nightly movements of juveniles vs. adults from August to November 1986 (F = 0.084, P = 0.98). When the data were pooled, a significant difference was detected in the cumulative distance travelled per night on a monthly basis (F = 6.40, P = 0.0001). Post hoc testing revealed that nightly movement of Striped Skunks was significantly greater during September and October than during March and November (not including the winter months, December to February) (P = 0.0001) ( Table  3) . Nightly cumulative distance travelled ranged from a minimum of 0.1 km to a maximum of 3.0 km/night (Table 3) .
Winter movements: Striped Skunks generally did not move once they had entered their winter den. However, on eight occasions, Striped Skunks were documented moving < 0.1 km from the den during the period from 13 January to 9 February 1987. These movements were likely related to breeding activities. Movement (< 0.15 km) was also noted on three occasions from 24 to 27 February 1987. This was related to Striped Skunks changing dens.
Dispersal:
Of the 16 Striped Skunks that were used for annual home range analysis, only three were known to have dispersed greater than 1 km from their natal range during the study period-a juvenile female Striped Skunk dispersed 2.1 km on 19 September 1986, another juvenile female dispersed 1.1 km on 17 September, and a juvenile male dispersed 3.1 km on 16 September.
Winter denning period: Data were available for 14 of the Striped Skunks during the entire winter denning period. Striped Skunks entered their winter dens between 4 and 11 December 1986 and left the dens in the spring between 4 and 15 March 1987. Eighty-six percent (12/14) of winter dens were in ground burrows. The other dens were under a building and a shed.
Communal denning: During radio-tracking studies, Striped Skunks were noted as occupying winter dens with other Striped Skunks on eight occasions. On six of those occasions, two Striped Skunks (an adult female and an adult male; an adult female and a juvenile female; a juvenile female and a juvenile male; an adult female and an adult male; a juvenile female and an adult male; and two juvenile females) were found to be sharing a ground burrow den. On two occasions, three Striped Skunks were found to be in the same ground bur row den (an adult male, an adult female, and a juvenile female; and two adult females and a juvenile female).
Possible evidence of breeding activities: During our radio-tracking studies, we found evidence of Striped Skunk movements that were probably related to breeding activities. On 13 January 1987, an adult male moved about 0.1 km to a den in a ground burrow. An adult female that had occupied a different ground burrow den with at least two other radio-collared females during December 1986 moved to the same ground burrow den on 13 January 1987. Another female, a juvenile, also moved to the same den in midJanuary. The three Striped Skunks shared the same den for two weeks, from 13 to 28 January 1987, until the adult male left the shared or communal den on 29 January and moved to another ground burrow about 100 m away. Both females moved back to their original ground burrow dens on 24 February.
Habitat utilization
Over the course of the study, the 28 Striped Skunks were located in specific habitats on 4973 occasions. The habitat composition of the study area included 57% residential, 17% industrial, 9% fields, 7% forested park, 6% groomed grass, and 4% commercial areas. Striped Skunks were located in field habitats during 56% of the observations (2795/4973) and in residential habitats during 23% (1162/4973) of the observations. Ten percent (496/4973) of skunk locations occurred on the border of fields and industrial habitats which were identified as field/industrial in terms of classification. Industrial habitats accounted for only 8% (415/4973) of the observations. Locations in groomed grass, forested park, and commercial habitats ac - Age and Sex counted for a combined total of only 2% (105/4973) of the observations, so those data were deleted from the analysis. We could not detect any differences in habitat utilization based on the sex and age of Striped Skunks (F = 1.318, P = 0.29). When the data (all observations) were pooled, Striped Skunks were located in field habitats more frequently than in residential, field/ industrial, or industrial habitats (in that order) (ANO-VA chi square = 30.2, P < 0.0001). Fields accounted for only 9% of the study area.
Mortality
Six mortalities were confirmed during the study. Four were due to predation, most likely dogs, and two were due to infections likely associated with the implantable transmitters.
Discussion
Home range size and movements of Striped Skunks in this study were comparable to findings from studies in other urban areas, including Toronto (Rosatte et al. 1991) , Niagara Falls , San Francisco (Boydston 2005) , and Chicago (Gehrt 2004) . This is likely due to the fact that urban habitats provide an ample supply of food and shelter in confined spaces, more so than in rural landscapes. In addition, Striped Skunks are by nature a fairly sedentary animal compared to other urban species, such as Coyotes (Canis latrans), Red Foxes (Vulpes vulpes), and Raccoons (Procyon lotor) Hadidian et al. 2010; Rosatte et al. 2010; Soulsbury et al. 2010) .
Small home ranges and movements are an advantage when disease control strategies in urban environments are being planned. If an animal is less mobile, containment areas can be smaller and are less costly to implement, and the disease can be controlled much more quickly (Rosatte et al. 1997) . However, as noted in this study, some juvenile Striped Skunks may disperse in mid-to late September. In view of this, rabies control strategies should be implemented prior to the period of dispersal to avoid juvenile Striped Skunks disseminating the disease.
Seasonal home ranges for Striped Skunks in this study were smallest during the winter months. This is due to the fact that Ontario has relatively severe winters that limit food availability for Striped Skunks in urban areas (Ontario Ministry of Natural Resources 1997). As a result, Striped Skunks den, often communally, from early December to early March in order to conserve energy. However, they may leave the winter den for mating in mid-to late January (Rosatte and Lariviere 2003) . Communal denning by Striped Skunks, combined with the fact that Striped Skunks breed in communal dens (males being polygamous), contributes to the spread of diseases such as rabies (Rosatte and Lariviere 2003; Rosatte et al. 2007a ). However, as Striped Skunks are in their dens during much of the winter in northern climates such as Ontario, control of diseases such as rabies is not feasible during that period of time (early December to early March).
Generally, Striped Skunks remained in winter dens, usually ground burrows, from early December to early March during this study. This is a wise strategy for Striped Skunks, as temperatures often dip below freezing during the winter and limit the availability of food (such as insects) in areas such as metropolitan Toronto (http://climate.weatheroffice.gc.ca/climateData/hourl ydata_e.html?timeframe=1&Prov=ON&Station-ID=5097&hlyRange=1953-01-01|2011-06-12&Year=1987& Month=1&Day=11). However, movements to other dens were noted in mid-January during this study. We assumed that movements of males and females to different dens during mid-winter was due to breeding activities, i.e., seeking mates. The temperature on 13 January 1987, when the male and female Striped Skunks moved to the same den, was −1°C (http:// climate.weatheroffice.gc.ca/climateData/hourlydata_e.html?timeframe=1&Prov=ON&St ationID=5097&hlyRange=1953-01-01%7C2011-06-12&Month=1&Day= 13&Year=1987&cmdB1=Go). From an energy conservation perspective, it does not make sense for a Striped Skunk to spend energy moving to another den when the temperature is cold unless the movement is associated with breeding.
Telemetry data in this study revealed extensive use of field and residential habitats by Striped Skunks. This is interesting, as fields accounted for only 9% of the study area. Rosatte et al. (1991) also found high use of fields by Striped Skunks during a live-trapping program in Toronto, Ontario. As Striped Skunks feed primarily on grubs and insects, such as beetles, grasshoppers, and crickets, it makes sense for Striped Skunks to spend much of their time foraging in field areas and residential yards and gardens (Rosatte and Lariviere 2003; Rosatte et al. 2010) . Fields also provide areas where soils, vegetation, and drainage are conducive to the construction of ground burrows for denning. Residential yards also provide structures such as sheds, stairs, decks, and garages under which Striped Skunks may construct winter and maternal dens. Given the high use of fields and residential areas by Striped Skunks, rabies control tactics targeting Striped Skunks in urban areas should focus on those habitats (Rosatte et al. 1992 (Rosatte et al. , 1997 (Rosatte et al. , 2007a .
This study provided information on the ecology of Striped Skunks in urban areas in Ontario. The Ontario Ministry of Natural Resources (OMNR) used vector ecological data from this study, as well as others, to design effective tactics for the control of rabies in Ontario. As a result, the arctic variant of rabies was eliminated from metropolitan Toronto by 1996 (Rosatte et al. 1992 (Rosatte et al. , 2007b ) and the raccoon variant of rabies was eliminated in eastern Ontario by 2005 (Rosatte et al. 2001 (Rosatte et al. , 2009 ).
